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CLINICAL STUDY 
Abstract 
Objective 
To evaluate the results of combined neurosurgical and ENT surgical management for 
patients with fungal sinusitis with intracranial extension.  
Methods 
We managed 10 cases with fungal sinusitis with intracranial extension. This included 7 
females and 3 males. Four patients presented with unilateral proptosis, 2 with deterioration 
of level of consciousness due to meningitis, 2 with chronic headache, one with epilepsy and 
one patient presented with trigeminal pain. All cases had long history of chronic headache 
and nasal obstruction. CT was done in all cases, MR in 8 patients, CT angiography and 
conventional cerebral angiography in one patient. Surgical intervention was decided 
according to the relation of the fungal granuloma to eloquent intracranial structures. 
Endonasal approach alone was used when the granuloma was not related to the optic nerve, 
internal carotid artery or cavernous sinus (n=3). Combined subfrontal and endonasal 
approach was used when the granuloma was closely related to one or more of these 
structures (n=5). Transcranial approach alone was done for 2 patients with isolated sphenoid 
fungal sinusitis that was associated with a mycotic internal carotid artery aneurysm in one 
patient and with a temporal lobe abscess in the other. In addition, antifungal treatment was 
used for 8-12 weeks. Patients were followed up clinically and radiologically for 6-36 month 
period.  
Results 
 No morbidity related to the operative procedures was recorded in the study group. One 
patient died two month post-operatively due to fungal meningitis. In survivors (n=9): 
headache and nasal obstruction improved, proptosis was corrected, epilepsy and trigeminal 
pain were controlled by medication. Follow-up CT showed eradication of the fungal 
granuloma in all survivors. Histopathological results showed mucormycosis (n=2), 
aspirgillosis (n=4), and no fungus (4 patients) .  
Conclusion 
 Team work by ENT and neurosurgical staff and early diagnosis are mandatory in the 
management of fungal sinusitis with intracranial extension in immune-competent patients. 
Surgical planning according to the relation of fungal granuloma to eloquent neurovascular 
structures is the corner stone for save removal of granuloma. 
 
Key words: Invasive fungal sinusitis -intracranial fungal granuloma -mycotic fungal cerebral 
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Introduction 
 
aranasal sinus mycoses were first 
reported by Mackenzie in 18931. Since 
then, several varieties have been identified, 
including allergic, indolent, and invasive 
forms2. Not uncommonly, the fungal 
granuloma will erode the skull base and 
extend into the intracranial and intraorbital 
compartments. However, bone destruction 
is not necessary for the development of 
intracranial or intraocular complications, 
because the fungus can extend along 
vascular channels. Ocular sequelae can 
include diplopia as a result of involvement 
of the extraocular muscles, as well as 
proptosis, chemosis, and loss of vision. 
Neurologic squeal can include meningitis, 
brain abscess, and cavernous sinus 
thrombosis3.  
The current management strategy calls for a 
multimodality approach, including 
aggressive surgical debridement, the use of 
antifungal and/or anti-allergic agents4-7. It is 
not yet understood which combination of 
these therapies constitutes optimal 
management. Furthermore, in case of 
intracranial extension, it is not clear which 
surgical (endonasal, transcranial or 
combined) approach has to be used3,5,7,8. In 
this article, we present our early results of 
team surgical approach for the management 
of immuno-competent patients, having 
fungal sinusitis with intracranial extension, 
according to the relation of the granuloma to 
eloquent neurovascular structures.  
 
Materials and Methods  
 
Clinical Assessment 
This study included 10 patients with fungal 
sinusitis that invaded the skull base and had 
an intracranial extension. Only one patient 
(case 4) had diabetes mellitus. None of our 
patients suffered from other chronic 
diseases or cancer, and none of them was 
received chemotherapy, corticosteroid or 
radiotherapy. Seven patients were females 
and 3 were males (Table 1). Age ranged 
from 17 and 50 years (average 32 ± 8 years, 
SD). Four cases presented with unilateral 
proptosis, 2 with deterioration of level of 
consciousness due to meningitis, 2 with 
chronic headache, one with epilepsy and 
one patient presented with trigeminal pain. 
All patients had long history of chronic 
headache and nasal obstruction. One patient 
had six nerve palsy and hypoasthesia on the 
left side of the face. Fundus examination, 
visual acuity and field of vision were 
normal in conscious patients.   
Laboratory Investigations 
Preoperative assessment included CBC, 
chemistry, bleeding profile and 
immunological profile. Cerebrospinal fluid 
(CSF) analysis and cultures were done for 
two patients (case 3 and 4) who presented 
with clinical evidences of meningitis. 
Postoperatively, all removed specimen were 
sent for pathological and microbial 
examination; and for microbial and fungal 
cultures. 
Radiological Assessment 
Chest x-rays were normal. CT was done for 
all patients to assess soft tissue extension 
and bony erosion, and as a follow up 
measure. Radiological diagnosis of fungal 
sinusitis in CT based on the detection of 
central sinus high attenuation9,10. Magnetic 
resonance imaging (MRI) was performed in 
8 patients for better visualization of the 
intracranial extension and to identify the 
P
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Table 1: Summary of study group (n=10)  
Patient Sex Age Complaint Radiological findings Surgical 
approach 
Histo-
pathology 
Anti-
fungal 
Outcome/ 
Follow up 
1 F 21 Proptosis 
(L) Pansinusitis, IO
1 & 
SF2extension 
Endo-nasal No fungus Flucon 
No rec. 
5
 
(24m) 
2 F 22 Proptosis 
(R) 
Pansinusitis, IO & SF 
extension 
Comb 
(Bifront) 
3
 
No fungus Flucon No rec. 
(36m) 
3 F 18 Coma-fever Sphenoid sinusitis,  
SAH, left parasellar & 
left ICA aneurysm 
Left 
pterional 
craniotomy 
Mucor-
mycosis 
Amphot
ricin 
Died 2 
month 
post-op 
4 M 50 Confusion, 
epilepsy 
Sphenoid sinusitis,  left 
parasellar & temporal 
abscess 
Left 
pterional 
craniotomy 
Mucor-
mycosis 
Amphot
ricin 
No rec. 
(12m) 
5 F 27 Epilepsy Pansinusitis, IO & SF 
extension 
Comb 
(Bifront) 
No fungus Flucon No rec. 
(36m) 
6 F 45 Trigeminal 
neuralgia 
Pansinusitis & SF 
extension Comb (KH)
 4 Aspergillus Flucon No rec. (27m) 
7 F 17 Proptosis 
(R) 
Pansinusitis, IO, SF & 
suprasellar extension 
Comb 
(Bifront) 
Asperg-illus Flucon No rec. 
(36m) 
8 F 21 Proptosis 
(L) 
Pansinusitis, IO, SF 
suprasellar extension 
Comb (KH) No fungus Flucon No rec. 
(24m) 
9 M 29 Chronic 
headache 
Pansinusitis & SF 
extension 
Endo-nasal Asperg-illus Flucon No rec. 
(6m) 
10 M 27 Chronic 
headache 
Pansinusitis & SF 
extension 
Endo-nasal Asperg-illus Flucon No rec. 
(12m) 
 
1IO; Intraocular, 2SF; Subfrontal, 3Comb (Bifront); Combined bifrontal craniotomy and endonasal 
approach, 4Comb(KH); Combined keyhole craniotomy and endonasal approach, 5No rec; No recurrence  
 
 
relation of fungal granuloma to important 
neurovascular structures namely; the optic 
nerves, ICA, and cavernous sinuses. 
Radiological diagnosis of fungal sinusitis in 
MR relied on the detection of a decrease in 
signal intensity on T1- and a marked 
decrease in signal intensity (signal void) on 
T2-weighted MR images (9-11). In addition, 
CT angiography and conventional cerebral 
angiography were done for one case with 
SAH.  
Surgical Treatment 
Treatment of those patients included 
surgical extirpation of fungal granuloma  
and antifungal treatment. The surgical 
intervention was decided according to the  
relation of the fungal granuloma to eloquent 
intracranial structures where:  
(A) Endonasal approach alone was used 
when the granuloma was not related to the 
optic nerve, internal carotid artery or 
cavernous sinus (n=3, Figure 1).  
(B) Combined subfrontal and endonasal 
approach was used when the granuloma 
was closely related to the optic nerve, ICA 
or cavernous sinus (n=5, Figure 2). Bifrontal 
craniotomy was done in the first three cases, 
and keyhole supraorbital approach in 2 
cases. In the first part of operation, 
craniotomy was done to remove the 
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intracranial and intraorbital components of 
the granuloma extradurally. Then, the 
granuloma within the frontal, posterior 
ethoimdal and sphenoid sinuses was 
removed under vision to decompress the 
optic nerves, ICA and cavernous sinus. 
Periosteal graft was used to secure the 
defect in the skull base. After closure of the 
cranial wound, endonasal removal of the 
granuloma within the anterior ethmoid and 
maxillary sinuses was done microscopically 
by ENT team.   
(C) Transcranial approach alone was done 
for 2 patients with isolated sphenoid fungal 
sinusitis; one of them had an associated 
mycotic ICA aneurysm and the other had as 
associated temporal brain abscess.  
Antifungal Treatment 
 Oral ketoconazole alone was used in 8 
patients (200mg/ day orally) for 3 months. 
Intravenous amphotericin B for 2 weeks was 
given for 2 patients (cases 3 and 4) with 
evidence of fungal meningitis. This was 
followed by oral ketoconazole for 6 weeks 
for case 3, who subsequently died, and for 3 
months for case 4.  
Follow-up 
Survivors were followed up clinically and 
radiologically for 6-36 months. 
Results  
 
Laboratory Findings  
None of our patients had neutropenia. One 
diabetic patient (case 4) had elevated blood 
sugar level. None of our patients had renal 
or hepatic impairment. Acid fast bacilli were 
not detected in the sputum in all patients. 
Immunological profile showed raised IgG. 
CSF analysis in cases 3 and 4 showed 
elevated protein, low glucose and high 
white cell count mainly lymphocytes. No 
bacteria could be seen in CSF cultures. 
Pathological examination of the specimens 
showed evidence of chronic inflammatory 
disease. Aspergillus fungus was detected in 
the fungal granuloma in 4 patients and 
Mucormycosis in 2 patients. No fungus was 
detected in 4 patients.  
 Radiological Findings (Table 2): 
As diagnosed by CT, 8 patients had fungal 
pansinusitis and two had isolated sphenoid 
fungal sinusitis (Table 1).      
In the group of patients with fungal 
pansinusitis (n=8), the fungal granuloma 
caused destruction of the anterior skull base  
(posterior wall of the frontal sinus, 
cribriform plate of ethmoid and/or planum 
sphenoidale). Five of  them  also  had   intra- 
 
 
Table 2: Radiological findings in the study group (n=10) 
  
Investigation 
 
Findings 
 
 
Number 
 
 
 
 
 
CT scan 
Pan-sinusitis 
Isolated sphenoid sinusitis 
Destruction of anterior skull base 
Intra-orbital granuloma 
Destruction of the body of sphenoid 
Subfrontal granuloma 
Suprasellar granuloma 
Parasellar granuloma 
8 
2 
8 
5 
2 
8 
3 
2 
 
 
MR 
Granuloma not intimately related to neurovascular structures 
Granuloma intimately related to optic nerve 
Granuloma intimately related to ICA 
Granuloma intimately related to cavernous sinus 
Chronic brain (left temporal) abscess 
3 
6 
5 
2 
1 
 
CT & 4-vessels 
angiography 
 
Left ICA bifurcation aneurysm 
 
1 
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A B
C D
E
orbital extension. Subfrontal fungal 
granuloma was observed in all 8 patients 
and, in addition, suprasellar granuloma was 
seen in 2 patients.  
On the other hand, patients with isolated 
sphenoid fungal sinusitis (n=2) had 
destruction of the body of the sphenoid 
sinus. Both patients had left parasellar 
fungal granuloma and one of them, in 
addition, had a suprasellar granuloma. One 
patient had SAH in the suprasellar cistern. 
In this patient, CT angiography and 4-vessel 
angiography confirmed the presence of a 10 
mm left ICA bifurcation aneurysm.  
As shown in MR imaging, the fungal 
granuloma was intimately related to the 
optic nerve in 6 patients, ICA in 5 patients 
and cavernous sinus in 2 patients. One 
patient had left temporal brain abscess.  
 
Case Presentations 
 
Case 1: Nineteen years old female patient 
presented with chronic headache for two 
years. CT and MR showed fungal 
pansinusitis with small intracranial 
component due to destruction of the 
cribriform plate. However, the fungal 
granuloma was not intimately related to the 
optic nerve, ICA or the cavernous sinus 
(Figure 1). The fungal granuloma was 
removed via endonasal microscopic 
approach. She received oral ketoconazole 
(200mg/ day orally) for 3 months. CT 
showed no evidence of recurrence of the 
fungal infection after 2 years. 
Case 2: Twenty-two years old female patient 
presented with left proptosis and chronic 
headache for one year. CT and MR scan 
showed fungal pansinusitis with small 
intracranial component due to destruction 
of the cribriform plate and planum 
sphenoidale. The fungal granuloma was 
intimately related to the optic nerves and 
left ICA (Figure 2). Combined transcranial 
and endonasal approach was used to 
eradicate the fungal granuloma. Through a 
bifrontal craniotomy, the fungal granuloma 
at the base of the skull and within the 
sphenoid, frontal and posterior ethmoid 
sinuses was removed extradurally under 
direct vision. After closure of the cranial   
wound, endonasal approach was used to 
remove the granuloma within the anterior 
ethmoid and maxillary sinuses 
microscopically. She received oral 
ketokonazole (200mg/ day orally) for 3 
months. CT showed no evidence of 
recurrence of fungal infection after 3 years. 
Figure 1 (case 1):  (A) Axial and (B) coronal CT 
images showed hyperdense lesion involving all 
paranasal sinuses suggesting fungal pansinusitis 
with intracranial extension through the 
cribriform plate of ethmoid. (C) The hypo-intense 
signal in T-1weighted axial MR image and the 
signal void in the T-2 weighted coronal image 
(D) confirmed the diagnosis of fungal sinusitis. 
MR also showed that the fungal granuloma was 
not intimately related to eloquent brain 
structures. Endonasal removal of the granuloma 
was done in this patient. (E) Two year follow-up 
CT brain showed no evidence of recurrence of the 
granuloma.   
 
Case 3: An 18-year-old female was admitted 
through ER with fever, deterioration of the 
level of consciousness, and neck stiffness. 
She was referred to our hospital as a case of  
pituitary apoplexy. 
CT showed sphenoid fungal sinusitis,
Naeem Makhdoom et al 
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Figure 2 (case 2): (A) Axial and (B) coronal CT 
images in this patient showed fungal 
pansinusitis with intracranial and intraorbital 
extension. (C) Axial MR image showed lateral 
displacement of both optic nerves by the 
granuloma. (D) The sagittal MR image showed 
subfrontal extension of the granuloma through 
the cribriform plate and planum spheniodale. 
Combined transcranial and endonasal approach 
was used to remove the granuloma and to 
decompress the optic nerves. Three year follow-
up CT brain in (E) axial and (F) coronal section 
showed no evidence of recurrence of the 
granuloma.  
 
destruction of the body of the sphenoid, 
supra- and left para-sellar fungal 
granuloma, together with SAH in the 
suprasellar cistern. Routine preoperative CT 
angiography showed 10 mm left ICA 
bifurcation aneurysm that was closely 
related to the parasellar lesion. Four-vessel 
angiography confirmed the diagnosis of the 
aneurysm (Figure 3). Patient was operated 
through a left frontotemporal craniotomy. 
First, clipping of the aneurysm was done 
intradurally. The wall of the terminal part of 
left ICA was thicker than normal and 
whitish in color. Also, the dura covering the 
sellar region was thick and inflamed. No 
intradural fungal granuloma was found in 
the para- or suprasellar regions. After the 
closure of dura. The fungal granuloma    
 
Figure 3 (case 3): The axial CT image in (A) 
showed isolated sphenoid fungal sinusitis with 
left parasellar extension and in (B) showed SAH 
in the left side of suprasellar cistern. (C) 
Reformated CTA image in the coronal plan 
showed left ICA bifurcation anruysm. Four 
vessels angiography, A-P (D) and lateral (E) 
views confirmed the diagnosis of Left ICA 
bifurcation aneurysm. This patient was operated 
through right pterional approach for clipping of 
the aneurysm and for removal of the granuloma. 
(F) Early post-operative CT follow-up showed 
complete removal of the granuloma. 
 
 (fungal balls) in the supra- and left 
parasellar region and within the sphenoid 
sinus was removed extradurally. The 
planum sphenoidale and left wall of the 
body of the sphenoid bone was already 
destructed by the granuloma. 
Histopathological examination showed 
mucormycosis. Early postoperative follow-
up CT showed removal of the fungal 
granuloma. The patient showed good post-
operative recovery and remained stable for 
three weeks. She received intravenous 
amphotericin B for 2 weeks, followed by 
oral ketoconazole for 6 weeks. However, she 
died 2 month post-operatively from 
uncontrolled fungal meningitis. 
Case 4: A 50-year-old male presented with 
 Intractable left trigeminal pain and diplopia
A B
C D
E F
A
B
C
D
E
F
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 due to 6th nerve palsy for several months. 
CT and MR showed isolated sphenoid 
fungal sinusitis, destruction of the body of 
the sphenoid, left para-sellar fungal 
granuloma and small left temporal cystic 
lesion most probably a chronic abscess 
(Figure 4). Patient was operated through left 
temporal craniotomy. Intraoperatively, he 
 
A
D
C
B
E
C
G
Figure 4 (case 4): (A) Coronal and (B) axial CT 
(bone window) images in this patient showed 
isolated sphenoid fungal sinusitis with 
destruction of the body and left greater wing of 
sphenoid. (C) CT with contrast showed a small 
left temporal cystic lesion. (D) Signal void in the 
coronal T-2 weighted MR image strongly 
suggested cerebral fungal infection. (E) The ring 
enhancement in the sagittal T-1 weighted MR 
image suggested an abscess. This patient was 
operated by right temporal craniotomy to remove 
the fungal granuloma and to drain the abscess. 
(F) Post-operative CT follow-up 
showeddisappearance of the abscess. (G) 
Histopathology showed the fungal(mucormycosis 
 hyphae and spors (small arrow) and 
granulomatous inflammation with 
multinucleated giant cells (large arrow) (PAS, x 
400). 
 
had a purulent infection involving the 
sphenoid sinus, body and left greater wing 
of sphenoid. Adjacent dura and brain was 
infiltrated by the purulent infection. The 
fungal granuloma was removed and the 
fungal brain abscess was also drained. 
Histopathology showed mucomycosis. 
Patient did well postoperatively. He 
received intravenous amphotericin B for 2 
weeks, followed by oral ketoconazole for 3 
months. Follow-up CT brain showed 
removal of the fungal granuloma. After 6 
month, the trigeminal pain greatly 
improved and epilepsy was controlled by 
carbimazepine.     
Outcome  
No morbidity or mortality related to the 
operative procedures was observed in our 
patients. However, one of the two patients 
presented with meningitis died two month 
post-operatively from fungal meningitis 
although she was receiving amphotericin. 
The other patient improved and was 
discharged in good neurological condition. 
Proptosis was completely corrected in the 
four patients. Headache also improved post-
operatively in all patients. 
Follow-up CT done after 3 and 6 months 
showed eradication of the fungal granuloma 
in all survivors with no evidence of 
recurrence during the follow-up period.  
   
Discussion  
 
Fungal Sinusitis 
The exact mechanisms of fungal sinusitis are 
not clear, but the environmental load of the 
fungus and certain host conditions appear to 
be associated with its invasiveness and 
disease progression. Immunodeficiency and 
local tissue conditions, such as allergic 
mucosal hypertrophy and chronic bacterial 
sinusitis, can create an obstruction of the 
osteomeatal unit and provide favorable 
conditions that allow the fungus to 
proliferate and invade12. Fungal sinusitis is 
characterized by invasion of the organism 
Naeem Makhdoom et al 
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into the vascular endothelium, which leads 
to subsequent tissue ischemia and necrosis. 
Fungal extension from the paranasal sinuses 
into adjacent structures such as the orbit and 
the intracranial cavity can occur with direct 
local extension or hematogenous spread13. 
Several authors have reported on the 
aggressive and lethal nature of invasive 
fungal sinusitis in immunocompromized 
patients14,15. Although the lungs are the most 
common site of fungal infection in those 
patients, the paranasal sinuses and brain are 
the next most common sites16. Aspergillus 
was the most commonly reported 
organism7,14,17-19. However, mucormycosis, 
candidiasis, and other opportunistic fungal 
infections were also reported20. Despite the 
fact that invasive fungal disease is relatively 
rare, it is significant because of its rapidly 
progressive and lethal nature21,22.  
Clinicopathological Patterns  
Fungal sinusitis has been classified into five 
clinicopathologic forms: the three invasive 
forms include acute fulminant, chronic, and 
granulomatous (indolent) invasive fungal 
sinusitis; and the two noninvasive forms 
include the fungal ball (sinus mycetoma) 
and the allergic fungal sinusitis13. The 
classification into invasive and non-invasive 
relies primarily upon the presence or 
absence of fungal hyphae within the 
mucosa6. 
The acute fulminant form occurs mainly in 
immunocompromized patients with 
prolonged neurtopenia. The chronic 
invasive form usually appears in 
immunocompetent hosts, and is 
characterized by an indolent clinical course. 
Most cases with the chronic invasive form 
were reported in the Sudan, India, and 
Pakistan and were caused by Aspergillus and 
dermatiaceous fungi. Histopathologic 
evidence of soft-tissue invasion by fungal 
hyphae is required to make the diagnosis, 
which is often delayed. The granulomatous 
(indolent) invasive form is characterized 
histollogically by: a profuse fungal growth 
with tissue invasion, non-caseating 
granulomas with multinucleated giant cells, 
plasma cells, and fibrinoid necrosis. The 
invasive granulomatous form is usually 
caused by Aspergillus flavus13,23. 
The fungal ball (sinus mycetoma) is 
characterized by a fungal ball within a 
single sinus. A dense collection of hyphae is 
observed microscopically with only a mild 
inflammatory response. Its growth pattern is 
noninvasive with sclerosis of the 
surrounding bone. However, an invasive 
variant has been reported. This invasive 
variant is characterized by profuse growth 
patterns and invasion of the surrounding 
structures2,24,26. The typical intraoperative 
finding is a purulent mass. The sphenoid 
sinus represents the primary site for 
intracranial or orbital invasion. This type is 
characterized by aggressive destruction of 
surrounding bony structures. It may also 
extend into the cavernous sinus and cause 
thrombosis27,28. All reported operative 
patients died from fungal meningo 
encephalitis 13,23.  
Only 14 cases of isolated fungal infection of 
the sphenoid sinus have been reported in 
the literature6,9,15,21,26-32. Eight out of those 14 
patients were examined in neurosurgical 
departments because of neurological 
symptoms and a mass in the sella and 
sphenoid sinus. Other patients were treated 
in ENT departments because they presented 
with nasal symptoms9,15,26. All 14 patients 
were immunocompetent and had 
asprigellosis infection. In our study, 2 
patients with isolated fungal sinusitis were 
admitted in neurosurgical ward and both 
were immunocompetent. One patient was 
referred as a case of pituitary apoplexy and 
the other  the other as a left temporal 
abscess. In contrary to reported patients, 
isolated sphenoid sinus infection in our two 
patients was caused by mucormycosis.   
The allergic fungal sinusitis occurs in atopic, 
mostly young, immunocompetent adults 
and presents clinically with a chronic 
infection6,33. It is the most common form of 
fungal sinusitis. Patients will have nasal 
polyps and chronic allergic rhinosinusitis, 
often produce nasal casts, and may 
occasionally present with proptosis from 
orbital extension of disease. The 
histopathology shows extramucosal allergic 
mucin that stains positive for scattered 
fungal hyphae and advanced eosinophilic-
lymphocytic inflammation of the sinus
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 mucosa13,23.  
According to the histopathological results of 
our study, 4 of the 8 patients with fungal 
pansinusitis can be classified as allergic 
fungal sinusitis and other 4 patients as 
chronic invasive sinusitis. On the other 
hand, one of the two patient with isolated 
sphenoid sinusitis had granulomatous 
reaction and can be classified as invasive 
granulomatous fungal sinusitis. The other 
patient with sphenoid fungal sinusitis had a 
purulent fungal mass and bone destruction, 
a finding typically found in the invasive 
variant of the sinus mycetoma. 
Siddiqui et al observed three patterns of 
presentation in immunocompetent patients 
with craniocerebral aspergillosis: (Type 1) 
intracerebral aspergillosis which was 
associated with the worst clinical outcome, 
(Type 2) intracranial extradural aspergillosis 
that had an intermediate outcome, and 
(Type 3) orbital and cranial base 
aspergillosis that had good recovery3. They 
also observed that preoperative orally 
administered itraconazole could improve 
clinical outcome in patients with 
intracerebral aspergillosis. In our study, the 
patient with temporal brain abscess would 
be classified as Type 1, and other 9 patients 
as Type 2.  
Fungal Mycotic Cerebral Aneurysms  
Fungal mycotic cerebral aneurysms are rare. 
As a result, the ideal way of management is 
not clear. Chun et al reviewed the current 
multimodality of infectious intracranial 
aneurysms in general8. They concluded that 
endovascular therapy would be the first 
option for patients in stable condition with 
ruptured aneurysms; surgical therapy 
would be the first option for patients in 
unstable condition with ruptured 
aneurysms and the second option for 
patients in stable condition who experience 
failure of endovascular therapy. On the 
other hand, patients with unruptured 
aneurysms should initially be treated 
medically and followed up by serial 
angiography. Medically treated patients 
with enlarging or dynamic unruptured 
aneurysms will also require direct surgical 
or endovascular intervention. We believe 
that this multimodality management can  
also be followed in cases of fungal mycotic 
aneurysms. 
Management of Invasive Fungal Sinusitis  
Once the diagnosis of invasive fungal 
sinusitis is suspected and an otolaryngologic 
evaluation is obtained, anterior rhinoscopy 
can be performed to detect any necrosis or 
ulceration in the mucosa. CT is the best 
means to assess soft tissue extension and 
bony erosion, and it should be performed 
prior to surgery and again afterward as a 
follow up measure9,10. Magnetic resonance 
imaging (MRI), with or without gadolinium, 
is better at defining intracranial extension, 
particularly cavernous sinus involvement. 
Although CT and MRI can suggest fungal 
disease and might alert the physician, a 
definitive diagnosis can be made only after 
histological confirmation of the operative 
specimens.  
The choice of surgical approach depends on 
the site and extent of the involvement. The 
choice of options is guided by preoperative 
CT and MR findings, and options vary 
considerably. In our work we followed a 
team ENT and neurosurgical approach. 
Surgical approach was decided according to 
the relation of the fungal granuloma to the 
eloquent surrounding neurovascular 
structures namely; the optic nerves, ICA and 
cavernous sinus. Endonasal approach alone 
can be used for lesions not intimately related 
to these structures. Combined transcranial 
and endonasal approach has to be used for 
save eradication of fungal pansinusitis with 
intracranial extension displacing or 
surrounding any of these structures. 
Transcranial approach alone has to be 
employed for isolated fungal infection of the 
sphenoid sinus causing major intracranial 
complications like mycotic aneurysm or 
brain abscess. No surgical morbidity or 
mortality was reported in our small group 
of patients using this surgical protocol.  
The combination of aggressive surgical 
debridement and antifungal therapy has 
been the cornerstone of treatment of 
invasive variants of fungal sinusitis25. 
However, debridement carries the risk of 
inadvertent damage to the orbit, lacrimal 
system, dura, and brain, which can lead to a 
loss of vision, injury to the ICA, epiphora, 
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cerebrospinal fluid leakage, and meningitis6. 
As indicated from our study, team approach 
and selection of surgical approach that will 
allow debridement under direct vision can 
minimize these complications. The drugs 
like amphotericin, ketoconazole and 
itraconazole have been used in the 
management of fungal sinusitis20. We used 
amphotericin in 2 patients with evidence of 
meningitis. Ketoconazole was used in the 
other patients. All survivors had no 
evidence of recurrence of fungal infection. 
We think that the use of amphotericin B 
should be reserved for patients with fungal 
meningitis to avoid its dose-related renal 
toxicity.  
 
Conclusion 
Team ENT and neurosurgical approach is 
mandatory for the surgical management of 
fungal sinusitis having intracranial 
extension. Safe eradication of this type of 
fungal infection dictates selection of the 
surgical approach according to the relation 
of the granuloma to the optic nerve, ICA 
and cavernous sinus and according to the 
presence of associated intradural fungal 
infection. Long term treatment and 
monitoring are essential. Fungal granuloma 
should also be included in  the differential 
diagnosis of lesions in the sellar and 
parasellar regions. 
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